28 7 Vol.28 No.7

2006 7 Chinese Journal of Geotechnical Engineering July 2006
123 12 4 12
. 116024 2. 116024
3. 430071 4. 121001
TU43 A 1000—4548(2006)07—0863—06
(1962— )

Matric suction and tension suction of unsaturated soils

. 1,2 1,2,4 . 1,2
LUAN Mao-tian"*, LI Shun-qun ", YANG Qing"
(1. State Key Laboratory of Coatstal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China; 2. School of Civil

and Hydraulic Engineering, Dalian University of Technology, Dalian 116024, China; 3. Institute of Rock and Soil Mechanics, Chinese

Academy of Sciences, Wuhan 430071, China; 4. Department of Civil Engineering, Liaoning Institute of Technology, Jinzhou 121001, China)
Abstract: Based on conventional classification system for unsaturated soils, the double-open unsaturated soil was further
divided into the overlapped double-open unsaturated soil and non-overlapped double-open unsaturated soil according to the
contact state of meniscus of pore water with the surface of the soil particles. Furthermore, the tension suction, which was
closely related with but rather different from the matric suction, was presented on the basis of thermodynamics. Theoretical
analysis on quantitative relation between matric suction and tension suction in unsaturated soils with isolated pore water was
made. The equivalent suctions respectively corresponding to matric suction and tension suction were determined and compared
by using the concept of equivalent suction given by the authors. Through the comparative study, the importance and essence of
the tension suction in unsaturated soil mechanics was clearly displayed and the rationality of the concept of equivalent suction
was illustrated.

Key words: unsaturated soil; surface tension; radius of saturation; tension suction; total suction; equivalent suction
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Fig. 2 Computational model for matric suction and tension suction

in unsaturated soils with isolated pore water
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Table 1 The results of various types of suctions and equivalent suctions computed by the proposed method for an ideal unsaturated soil

S

b

e

e

e

X y r V113 Vn3 1‘1112 ACZ St s s sy S & & Ink Ss RN
/(=) /um /um /um /um /um Jum /um /um /% /kPa /kPa /kPa /kPa /kPa /kPa
0.3 0.0565 0.3314 0.0665 0.0143 0.0429 0.3550 2.1300 1.13 85441 14478 232.50 39.40 0.2721 -1.3015 1086.92 184.18
033 0.0698 0.3671 0.0843 0.0211 0.0633 0.4386 2.6314 1.66 644.74 13497 222.61 46.60 03453 -1.0634 867.35 181.57
0.35 0.0796 0.391 0.0978 0.0269 0.0807 0.5001 3.0008 2.12 537.85 12840 21692 51.79 0.4033 -0.9080 754.77 180.19
0.38 0.0957 0.4269 0.1211 0.0378 0.1134 0.6013 3.6078 298 410.70 117.88 209.48 60.12 0.5100 -0.6733 620.18 178.00
0.40 0.1074 0.4509 0.1388 0.0468 0.1404 0.6748 4.0489 3.69 34344 110.62 205.09 66.06 0.5972 -0.5155 548.53 176.69
125 043 0.1265 0.4868 0.1692 0.063 0.189 0.7948 4.7689 496 261.67 9928 199.24 7559 0.7614 -0.2726 460.92 174.87
045 0.1402 0.5107 0.1924 0.0761 0.2283 0.8809 5.2854 599 21720 9133 19574 8230 0.9012 -0.1040 412.93 173.63
0.48 0.1624 0.5462 0.2321 0.0994 02982 1.0204 6.1223 7.83 16244 79.12 191.00 93.03 1.1759 0.1620 353.44 172.15
0.50 0.1782 0.5698 0.2624 0.1177 03531 1.1197 6.7180 9.27 132.20 70.65 188.11 100.54 1.4229 0.3527 320.32 171.19
0.53 02035 0.6047 0.3147 0.1499 0.4497 12786 7.6718 11.80 94.23 57.51 184.16 112.40 1.9543 0.6701 278.39 169.91
0.55 02215 0.6276 0.3548 0.1748 0.5244 1.3917 8.3504 13.76 73.02 4851 181.74 120.73 2.4888 0.9118 25476 169.24
0.58 02500 0.6614 0.4244 0.2178 0.6534 1.5708 9.4248 17.15 46.15 34.60 17837 133.74 3.8655 1.3521 22452 168.34
0.3 0.0572 03334 0.0657 0.014 0.042 0.3594 2.1564 1.10 867.78 148.87 21547 3696 0.2483 -1.3931 1083.25 185.83
0.33 0.0708 0.3695 0.0832 0.0212 0.0636 0.4448 2.6691 1.67 656.19 139.33 207.54 44.07 0.3163 -1.1511 863.73 183.40
0.35 0.0808 0.3937 0.0965 0.027 0.081 0.5077 3.0461 2.13 54791 132.77 20298 49.19 0.3705 -0.9930 750.88 181.96
038 0.0972 0.4301 0.1194 0.038 0.114 0.6107 3.6644 299 419.29 12223 197.00 57.43 0.4698 -0.7554 616.28 179.66
040 0.1092 0.4544 0.1368 0.047 0.141 0.6861 4.1167 3.70 351.13 115.00 19348 63.37 0.5510 -0.5960 544.61 178.36
10 043 0.1288 0.4909 0.1666 0.0633 0.1899 0.8093 4.8556 4.98 26841 103.68 188.78 72.92 0.7033 -0.3519 457.18 176.60
045 0.1429 0.5151 0.1893 0.076  0.228 0.8979 5.3872 598 22341 9575 18597 79.70 0.8324 -0.1834 409.38 175.45
0.48 0.1657 0.5513 0.2282 0.0999 0.2997 1.0411 6.2467 7.87 167.81 83.40 182.15 90.52 1.0854 0.0820 349.96 173.92
050 0.182 0.5752 0.2578 0.118 0.354 1.1435 6.8612 929 137.17 7487 179.84 98.16 1.3111 0.2709 317.00 173.03
0.53 02081 0.6107 0.3089 0.1507 0.4521 13075 7.8452 11.87 98.59  61.53 176.66 110.25 1.7919 0.5833 27524 171.78
0.55 02266 0.634 0.3479 0.1757 0.5271 1.4238 8.5426 13.83 77.10 5240 17471 118.73 22659 0.8180 251.81 171.13
0.58 02562 0.6684 0.4155 0.2191 0.6573 1.6098 9.6585 17.25 49.83 3829 17199 132.16 3.4516 1.2388 221.82 170.45
0.30 0.0579 0.3354 0.0651 0.0144 0.0432 03638 2.1828 1.13 878.02 152.47 198.28 3443 0.2258 -1.4880 1076.30 186.90
033 0.0718 0372 0.0823 0.0213 0.0639 04511 2.7068 1.68 66579 143.37 19230 41.41 0.2888 -1.2419 858.09 184.78
0.35 0.082 0.3965 0.0955 0.0271 0.0813 0.5152 3.0913 2.13 55583 136.69 188.87 46.45 0.3398 -1.0794 744.70 183.14
0.38 0.0988 0.4334 0.1181 0.0381 0.1143 0.6208 3.7247 3.00 426.01 12623 18438 54.63 0.4328 -0.8375 610.39 180.87
0.40 0.1111 0.4581 0.1353 0.0471 0.1413 0.6981 4.1884 3.71 357.04 11897 181.73 60.55 0.5090 -0.6753 538.77 179.52
75 043 0.1312 0.4952 0.1647 0.0635 0.1905 0.8244 4.9461 500 273.46 107.60 178.18 70.11 0.6516 -0.4283 451.65 177.72
045 0.1457 0.5197 0.1869 0.0767 0.2301 09155 5.4928 6.04 22836 99.79 176.08 76.94 0.7711 -0.2600 404.44 176.73
0.48 0.1692 0.5565 0.2252 0.1003 0.3009 1.0631 6.3787 7.90 172.07 8732 17320 87.89 1.0066 0.0065 34528 175.21
0.50 0.186 0.5809 0.2544 0.1188 0.3564 1.1687 7.0120 9.35 140.95 78.63 17145 9564 12164 0.1959 31240 174.27
0.53 0213 0.6169 0.3044 0.1514 0.4542 1.3383 8.0299 11.92 102.08 6521 169.06 108.00 1.6562 0.5045 271.14 173.21
0.55 02322 0.6407 0.3426 0.1766 0.5298 1.4590 8.7537 1391 80.35 5596 167.59 116.71 2.0857 0.7351 247.94 172.66
0.58 0.2628 0.6756 0.4088 0.2202 0.6606 1.6512 9.9073 17.34 52.71 41.54 16555 130.48 3.1408 1.1445 21826 172.02
0.30 0.0587 0.3376 0.0646 0.014 0.042 03688 2.2129 1.10 886.70 156.10 180.92 31.85 0.2040 -1.5894 1067.62 187.95
0.33 0.0728 0.3746 0.0817 0.0213 0.0639 0.4574 2.7445 1.68 67230 146.79 176.94 38.63 0.2632 -1.3349 849.24 185.42
0.35 0.0833 0.3995 0.0948 0.027 0.081 0.5234 3.1403 2.13 561.47 140.27 174.64 43.63 0.3110 -1.1678 736.11 183.90
038 0.1005 0437 0.1172 0.0382 0.1146 0.6315 3.7888 3.01 430.76 129.84 171.64 51.73 03984 -0.9202 602.40 181.57
040 0.1131 0462 0.1342 0.047 0.141 0.7106 4.2638 3.70 361.46 122.61 169.87 57.62 0.4700 -0.7551 531.34 180.23
5 043 0.1338 0.4997 0.1633 0.0637 0.1911 0.8407 5.0441 5.02 27726 111.26 167.50 67.22 0.6041 -0.5040 444.76 178.48
0.45 0.1487 0.5247 0.1854 0.077 0.231 0.9343 5.6059 6.06 231.52 10325 166.09 74.07 0.7174 -0.3321 397.61 177.32
048 0.1729 0.5621 0.2232 0.1006 0.3018 1.0864 6.5182 7.92 17498 90.73 164.17 85.13 0.9382 -0.0638 339.15 175.86
0.50 0.1903 0.5869 0.2519 0.1192 03576 1.1957 7.1741 9.39 143.80 82.07 163.00 93.03 1.1335 0.1253 306.80 175.10
0.53 02182 0.6236 0.3013 0.1519 0.4557 13710 8.2259 11.96 104.55 6842 16140 105.62 1.5438 0.4342 26594 174.04
0.55 02381 0.6477 0339 0.1773 0.5319 14960 8.9762 13.96 82.61 5899 16041 11455 1.9418 0.6636 243.02 173.54
0.58 02699 0.6833 0.4041 0.2211 0.6633 1.6958 10.1750 17.41 5479 4435 159.04 128.74 29029 1.0657 213.83 173.09
03 0.0595 0.3399 0.0644 0.0144 0.0432 03738 2.2431 1.13 89021 158.86 16348 29.17 0.1836 -1.6948 1053.69 188.03
033 0.074 03774 0.0814 0.0213 0.0639 0.4650 2.7897 1.68 67559 149.94 161.49 35.84 0.2390 -1.4312 837.08 185.78
035 0.0846 0.4026 0.0943 0.0272 0.0816 0.5316 3.1893 2.14 565.55 143.50 160.34 40.68 02835 -1.2605 725.89 184.18
0.38 0.1024 0.4407 0.1166 0.0382 0.1146 0.6434 3.8604 3.01 43397 133.28 158.83 48.78 0.3660 -1.0051 592.80 182.06
040 0.1153 0.4662 0.1335 0.0473 0.1419 0.7245 43467 3.72 36432 12598 15795 54.62 0.4335 -0.8358 522.26 180.60
25 0.43 0.1366 0.5045 0.1625 0.0638 0.1914 0.8583 5.1497 5.02 279.46 11449 156.76 6422 0.5609 -0.5782 43622 178.71
045 0.152 0.5300 0.1844 0.0771 0.2313 09550 5.7303 6.07 233.66 106.52 156.05 71.14 0.6679 -0.4037 389.71 177.65
048 0.177 0.5680 0.2219 0.1008 0.3024 1.1121 6.6727 7.94 17689 9390 155.09 82.33 0.8767 -0.1316 331.98 176.23
0.50 0.195 0.5932 0.2505 0.1195 03585 1.2252 7.3513 9.41 14542 85.04 15450 9036 1.0625 0.0606 299.92 175.40
0.53 0.224 0.6307 0.2995 0.1523 0.4569 1.4074 8.4446 11.99 106.00 71.21 153.70 103.25 1.4499 0.3715 259.70 174.47
0.55 02446 0.6552 0.3368 0.1777 0.5331 1.5369 9.2212 13.99 84.02 61.64 15320 112.39 1.8235 0.6007 237.22 174.02
0.58 02776 0.6915 0.4014 0.2218 0.6654 1.7442 10.4653 17.46 56.00  46.62 152.51 12698 2.7234 1.0019 208.52 173.60
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030 00604 03423 00643 0014 0042 03795 22770 1.10 89197 16158 14600 2645 0.1637 -1.8098 1037.97 188.03
033 00752 03804 00813 00213 00639 04725 28350 1.68 67670 152.62 14600 3293 02158 -1.5336 82270 185.55
035 00861 0406 00942 0027 00810 05410 32450 213 56638 14625 14600 37.70 02578 -13557 71238 183.95
038 0.1043 04447 0.1165 00382 0.1146 0.6553 39320 301 43450 13592 14600 4567 03360 -1.0906 580.50 181.59
040 0.1176 04706 0.1333 0047 0.1410 07380 44334 370 36514 12878 14600 5149 03999 -0.9167 511.14 180.28
o, 043 01396 05095 01622 00638 01914 08771 52628 502 28029 11735 14600 6113 05209 -0.6522 42629 178.48
045 0.1555 05355 0.1841 00770 02310 09770 58622 606 23430 10927 14600 68.09 06231 -04730 38030 177.36
048 0.1813 05743 02215 0.1008 03024 1.1391 68348 7.94 17749 9651 14600 7939 08226 -0.1953 32349 17589
0.50 02000 0.6000 02500 0.1200 03600 12566 7.5398 9.45 14600 8757 14600 87.57 1.0000 0.0000 292.00 175.15
053 02301 0.6381 02988 0.1523 04569 14458 8.6746 1199 10657 7355 14600 10075 13699 03148 25257 174.30
055 02516 06632 03361 0178 05340 1.5808 094851 14.02 8447 6374 14600 11017 17284 05472 23047 173.91
058 0286 07001 04005 02217 06651 17970 10.7819 17.46 5641 4839 14600 12523 25882 09510 20241 173.62
35+ 10|
3.0F o5t
25k
= 20L w 0T
sk 05t
Lok -10F
05k o= -15}
0 0.30 035 0.40 045 0.50 0.55 0030 0.35 040045 0.50 0.55 0 0.30 035 0.400.45 0.50 0.55
b biam bium
(a) TLBARRR (b)) Xt F Ce) Jotgapi 2RI CR
3 (6=12.5° 10° 7.5° 5° 25° 09

Fig. 3 Relationship between suction ratio and saturation radius for different contact angles (6=12.5°, 10°, 7.5°, 5°, 2.5° and 0°)
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Table 2 The parameters defined by curve-fitting in the empirical

correlation between logarithmic saturation radius and

suction ratio

5 /() a B
12.5 9.1 4.1 0.2760
10.0 9.1 4.2 0.2470
7.5 9.1 4.3 0.2242
5.0 9.2 4.4 0.2057
2.5 93 4.5 0.1925
0.0 9.6 4.7 0.1816
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Fig. 4 Theoretical interrelations between various types of suctions

and saturation degree
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